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(54) POLYLACTIC ACID RESIN COMPOSITION 

(57)Abstract: 

PURPOSE: To obtain a polylactic acid resin composition which is biodegradable and 
excellent in moldability with a high rate of crystallization and has satisfac tory mechanical 
properties. 

CONSTITUTION: This composition has a number-average molecular weight of 10,000 to 
100,000 and contains 0.5-5wt.% inorganic particles comprising talc having a mean particle 
diameter of 5um or smaller and/or boron nitride having a mean particle diameter of 30um 
or smaller. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The number average molecular weight to which average grain size is characterized by 
containing the inorganic particle which the talc and/or average grain size of 5 micrometers or less 
become from boron nitride 30 micrometers or less 0.5 to 5% of the weight is the poly lactic acid 
system resin constituent of 1 0,000- 1 00,000. 

[Claim 2] The polylactic acid system resin constituent according to claim 1 with which an inorganic 
particle is characterized by average grain size being talc 5 micrometers or less. 
[Claim 3] The polylactic acid system resin constituent according to claim 1 with which an inorganic 
particle is characterized by average grain size being boron nitride 30 micrometers or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a polylactic acid system resin constituent. 
Furthermore, there is biodegradability in detail and it is related with the polylactic acid system resin 
constituent excellent in the moldability. 
[0002] 

[Description of the Prior Art] Polylactic acid attracts attention as a macromolecule of 
biodegradability, for example, sustained-release ingredients, such as biomedical materials, such as a 
suture, a remedy, agricultural chemicals, and fertilizer, etc. are used in many fields. Furthermore, it is 
expected also as wrapping, such as a container and a film, as biodegradability general-purpose 
plastics. For these applications, it is desirable that a moldability and mechanical physical properties 
are generally high. Therefore, in order to obtain these polymers of the amount of giant molecules, 
conventionally, the lactide was manufactured from the lactic acid, ring opening polymerization of 
these was carried out, and the polylactic acid of the amount of giant molecules was manufactured. 
By this approach, although the polymer of the amount of giant molecules was obtained, it was a two- 
step reaction, in order to obtain a lactide, the great effort was applied, and it was not able to be said 
that it was economical. On the other hand, it is economical, but on the other hand the approach of 
carrying out the direct polycondensation reaction of the lactic acid has the fault that macromolecule 
quantification cannot be carried out, and is not industrialized. For example, although the method 
(JP,62-64823,A) of making a liquid paraffin add at the time of a polycondensation etc. is proposed as 
an attempt of macromolecule quantification, using a tin compound as a polycondensation catalyst, 
when industrial utilization is considered, it cannot necessarily be said as sufficient molecular weight, 
moreover, Ce02 etc. — making an inorganic germanium compound into a catalyst is also proposed ~ 
**** (jp 5 5-43665 ? A) — the color tone of the polymer obtained, and the point of molecular weight — 
not necessarily — enough --****-- it was not able to say. Moreover, even if it manufactured the 
polylactic acid of the amount of macromolecules by these manufacture approaches, since the 
crystallization rate of polylactic acid was slow, the problem was in the moldability and there was a 
trouble that it was difficult to adopt general injection molding etc. 
[0003] 

[Problem(s) to be Solved by the Invention] The object of this invention is to offer the polylactic acid 
system resin constituent which has the outstanding mechanical physical properties and has sufficient 
crystallization rate. 
[0004] 

[Means for Solving the Problem] This invention is made in order to attain the above-mentioned 
object, and the number average molecular weight to which, as for the summary, average grain size is 
characterized by containing the inorganic particle which the talc and/or average grain size of 5 
micrometers or less become from boron nitride 30 micrometers or less 0.5 to 5% of the weight 
consists in the polylactic acid system resin constituent of 10,000-100,000. Hereafter, it explains to a 
detail about this invention. The copolymer which has polylactic acid or the repeat unit guided from a 
lactic acid and a lactic acid, and the repeat unit guided from other copolymerization components 
which may be copolymerized as a polymer component in the polylactic acid system resin constituent 
of this invention is mentioned. 
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[0005] Although not limited especially as polylactic acid in this invention, the things to which ring 
opening polymerization of the thing to which the direct polycondensation of D of a lactic acid, L, the 
racemic modification, etc. was carried out, or the lactide was carried out, for example, or such 
mixture are mentioned. The molecular weight of these polylactic acid is usually 30,000 or more 
preferably 10,000 or more as number average molecular weight, in order to obtain sufficient 
mechanical strength. Since there is fear of lowering of the problem of the manufacture approach and 
a moldability as an upper limit, it is usually 70,000 or less preferably 100,000 or less as number 
average molecular weight. 

[0006] The approach of carrying out the direct polycondensation of the manufacture approach of the 
above-mentioned polylactic acid is made into an example, and is explained. A high-concentration 
lactic-acid water solution with desirable therefore the lactic acid of a raw material reacting in the 
state of melting, although D, L, racemic modification, etc. can be used that there is especially no 
definition and especially the gestalt is not limited, either is desirable. Although the usual polyester 
polymerization catalyst of the catalyst to be used is usable, an antimony system, a tin system 
catalyst, a germanium system catalyst, and a titanium system catalyst are mentioned preferably. 
Especially desirable things are germanium system catalysts, such as germanium alkoxides, such as a 
rate of polymerization, a germanium dioxide from the point of coloring, and tetra-ethoxy 
germanium, tetra-butoxy germanium. 

[0007] Although it is not especially limited if the addition to the system of reaction of a catalyst is 
before a polycondensation reaction, it is in the condition preferably distributed in the raw material at 
the time of raw material preparation, or is the approach of adding, where distributed processing is 
carried out at the time of after [ raw material preparation ] reduced pressure initiation. The amount of 
the catalyst used is 0.05 - 1.5 % of the weight to the amount of monomers to be used more preferably 
than 0.0 1 - 3 % of the weight. 

[0008] As polymerization conditions, the range of 150-260 degrees C of polymerization temperature 
is 180-230 degrees C preferably, and still more preferably, reaction time is preferably desirable for 4 
hours or more for 2 hours or more, in order for 10 hours or more to mention polymerization degree. 
However, since the problem of coloring of a polymer and degradation etc. arises in long duration not 
much, it is 4 - 15 hours. Whenever [ reduced pressure ] is 30 or less mmHgs preferably 50 or less 
mmHgs. 

[0009] As other copolymer components in the copolymer which has the repeat unit guided from the 
lactic acid in this invention, a lactic acid, and the repeat unit guided from other copolymer 
components which may be copolymerized, aliphatic series diol, aliphatic series dicarboxylic acid, 
etc. are mentioned. As aliphatic series diol, what has a hydroxyl group is desirable to the both ends 
of a straight chain alkylene group, and ethylene glycol, 1,3 -propanediol, 1,4-butanediol, 1,5- 
pentanediol, 1,6-hexanediol, etc. are specifically mentioned to them. Especially from the physical 
properties of the copolymer obtained, 1,4-butanediol is desirable. 

[0010] Although not limited especially as aliphatic series dicarboxylic acid, what has a carboxylic- 
acid radical is desirable to the both ends of a straight chain alkylene group, and oxalic acid, a 
malonic acid, a succinic acid, a glutaric acid, an adipic acid, etc. are specifically mentioned to them. 
Especially from the physical properties of the copolymer obtained, a succinic acid is desirable. The 
presentation ratio of two above-mentioned components requires that the mole ratio of aliphatic series 
diol and aliphatic series dicarboxylic acid should add equally substantially, and especially since it 
can perform buildup of molecular weight, and amelioration of mechanical physical properties by 
this, it is desirable. It is also possible to introduce aromatic series dicarboxylic acid, such as aromatic 
series diols, such as aromatic series hydroxy acid, such as a hydroxybenzoic acid, and bisphenol A, a 
terephthalic acid, and isophthalic acid, or the aliphatic series polyol of three or more organic 
functions, aliphatic series polycarboxylic acid, etc. as other copolymer components. 
[001 1] Talc and/or boron nitride are mentioned as an inorganic particle in this invention. Although 
especially the talc in this invention is not limited, what classified the talc ore by beneficiation and the 
well-known approach is raised, for example. In this case, average grain size is 5 micrometers or less. 
When 5 micrometers is exceeded, probably because uniform distribution within polylactic acid is 
difficult, there is little effectiveness of addition. 4 micrometers or less of upper limits of grain size 
are 3 micrometers or less especially preferably preferably, and 0.3 micrometers or more of 
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minimums of grain size are usually 1 micrometers or more preferably. The addition in this case is 
usually 1 - 3 % of the weight preferably 0.5 to 5% of the weight. At less than 0.5 % of the weight, 
when there is little improvement effectiveness of a crystallization rate and it exceeds 5 % of the 
weight, there is lowering of mechanical physical properties, such as breaking strength. 
[0012] Although not limited, for example especially the boron nitride in this invention adds a urea, a 
dicyandiamide, an ammonium chloride, etc. to a boric acid, carries out reduction nitriding at an 
elevated temperature in ammonia, and is obtained by classifying by the well-known approach etc. In 
this case, average grain size is 30 micrometers or less. When 30 micrometers is exceeded, the 
effectiveness of addition is small probably because uniform distribution within polylactic acid is 
difficult. 30 micrometers or less of upper limits of grain size are usually 20 micrometers or less 
preferably, and 1 micrometers or more of minimums of grain size are usually 2 micrometers or more 
preferably. The addition in this case is 1 - 3 % of the weight preferably 0.5 to 5% of the weight. At 
less than 0.5 % of the weight, when there is little improvement effectiveness of a crystallization rate 
and it exceeds 5 % of the weight, there is lowering of mechanical physical properties, such as 
breaking strength. In addition, an average grain size here searches for the particle size distribution of 
a particle with the laser method, a photo extinction method, a JIS sieve method, etc., and means the 
particle size corresponding to 50% in cumulative distribution. 

[0013] About the addition to the polylactic acid or the lactic-acid system copolymer of an inorganic 
particle, a well-known approach can adopt without definition especially. For example, the method of 
mixing, after using polymers, such as the approach of using a kneading machine etc., the approach of 
a masterbatch, the approach of adding before a polymerization, and polylactic acid, as a solution 
using a solvent, and removing a solvent etc. is possible. What dissolves polylactic acid or a lactic- 
acid system copolymer as a solvent in this case can be used, for example, halogenated hydrocarbon, 
such as a carbon tetrachloride and chloroform, a tetrahydro furan, etc. are mentioned. 
[0014] As mentioned above, when number average molecular weight blends specific TAKURU 
and/or the specific boron nitride of grain size with the polylactic acid or the lactic-acid system 
copolymer of 10,000-100,000 0.5 to 5% of the weight, it acts as a crystalline-nucleus agent, the 
crystallization rate of a polymer increases, and the polylactic acid system constituent excellent in a 
moldability and mechanical physical properties is obtained. Since the crystallization rate of the 
polylactic acid system constituent of this invention improves, it can adopt the usual shaping 
approaches, such as injection molding, extrusion molding, and compression molding, is excellent 
also in mechanical strengths, such as breaking strength and ductility, and usable for the same various 
applications as usual general-purpose plastics or engineering plastics. 

[0015] Moreover, it is also possible to use additives, such as coloring agent same with being able to 
blend polymers, such as other polyamides, polyester, and polyolefine, and being used for usual 
general-purpose plastics and engineering plastics, a stabilizer, a bulking agent, and a flame retarder, 
for the polylactic acid system constituent of this invention in the range which does not spoil the 
effectiveness of this invention. Furthermore, surface treatment, such as electrification prevention, 
antioxidizing, and dyeing, as well as the usual mold goods is possible for the mold goods using the 
polylactic acid system constituent of this invention. 
[0016] 

[Example] Although an example explains this invention still more concretely below, this invention is 
not limited to these examples, unless the summary is exceeded. 

measuring method: - number-average-molecular-weight: — a 5mg sample — 5g THF — dissolving — 
TOSOH GPC It measured by polystyrene conversion using HLC-8020. In a column, it is PLgel. 
Smicro MIX-C was used. 

[0017] Tc and deltaH:Tc are the exothermic peaks accompanying crystallization detected at the time 
of a temperature fall. In order to make it easy to crystallize by cooling after **** from the field of a 
moldability, the more high thing of Tc is desirable. Moreover, peak area deltaH is the calorific value 
accompanying crystallization, and crystallinity becomes good, so that this value is large. In respect 
of a moldability, the larger one of deltaH is desirable. 

Solution viscosity (etasp/c): Polymer 0.125g was dissolved in a phenol / 25ml of trichloroethane 
(l/lwt%) mixed solvents, and it measured at 30 degrees C with the automatic viscosity measuring 
instrument. 
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[0018] Micron White (made in formation [ Talc particle wood ]) of the particle size shown in a table 
-1 or show BIENU UHP (boron nitride particle Showa Denko make) was added to an example 1 - 
chloroform solution 4wt% of 5 polylactic acid (number average molecular weight 32,000), and 
homogeneity was distributed. Subsequently, the vacuum drying of the chloroform was carried out at 
volatilization and 80 more degrees C with the room temperature from this solution for 8 hours or 
more, and each sample was obtained. It is DSC about each sample. It measured by part for 16- 
degree-C/in temperature-up temperature rate by TA2000 (product made from DSC equipment 
Dupont), and asked for Tc and delta H. The result was shown in a table -1. 

[0019] Except not adding a nucleating additive in example of comparison 1 example 1, the sample 
was obtained completely like the example 1 and it asked for Tc and delta H like the example 1 . The 
result was shown in a table -1. 

[0020] Except using BN (boron nitride) particle whose average grain size shown in a table -1 as a 
nucleating additive in example of comparison 2 example 1 is 40 micrometers, the sample was 
obtained completely like the example 1 and it asked for Tc and delta H like the example 1. The result 
was shown in a table -1 . 
[0021] 
[A table 1] 

Table - 1 Nucleating additive Average grain-size * Addition Tc Peak area (deltaH) 
(micrometer) (wt%) (degree C) (J/g) 

Example 1 Talc 1.6 2 97 10.5 2 Talc 2.9 2 98 12.2 3 Talc 3.9 2 99 5.0 4 BN 1.5 2 96 2.2 5 BN 8.5 2 
92 Example 1 of 4.8 comparisons - - 0- 0 2 BN 40 2 - 0 * average grain-size measuring method 
Examples 1-3 Centrifugation type automatic particle-size-distribution measuring device CAPA-300 
Measurement 4 It measures with a photo extinction method. 5 It measures by the laser method. 
Example 2 of a comparison It is measurement [0022] by the JIS sieve method. 
[Effect of the Invention] The polylactic acid system resin constituent obtained by this invention has 
biodegradability, the crystallization rate is highly excellent in the moldability, and it has the 
mechanical physical properties which can moreover be satisfied enough. 

[Translation done.] 
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